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(57) ABSTRACT 

The invention relates to a fuel injection system having at least 
one fuel injector, Which includes an electrically operable 
actuator. In order to reduce the hydraulic distances between 
tWo injections, a voltage-smoothing or voltage-dampening 
electric device is connected in parallel to the actuator. 

6 Claims, 1 Drawing Sheet 
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FUEL INJECTION SYSTEM AND METHOD 
FOR INJECTING FUEL 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a 35 USC 371 application of PCT/ 
EP2008/050961 ?led on Jan. 28, 2008. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention relates to a fuel injection system, having at 
least one fuel injector Which includes an electrically actuat 
able actuator. The invention further relates to a method for 
injecting fuel from at least one fuel injector that includes an 
electrically actuatable actuator to Which a voltage is applied. 

The fuel injector serves to inject fuel into a combustion 
chamber of an internal combustion engine. Preferably, the 
fuel injection system includes a plurality of fuel injectors, 
Which are triggered via a control unit. 

OBJECT AND SUMMARY OF THE INVENTION 

It is the object of the invention to reduce the hydraulic 
spacings betWeen tWo injections. 
The object is attained in a fuel injection system, having at 

least one fuel injector Which includes an electrically actuat 
able actuator, in that a voltage-smoothing or voltage-damping 
electrical device is connected parallel to the actuator. In an 
injection, a pressure Wave is introduced into the fuel injection 
system. As a result, a high-frequency pressure ?uctuation is 
tripped, Which excites the actuator subjected to pressure to 
?uctuate. The actuator is preferably a piezoelectric actuator, 
Which is subjected to pressure and is likeWise excited to 
oscillation by the high-frequency pressure ?uctuation, so that 
a voltage applied to the actuator ?uctuates. The ensuing inj ec 
tion is in?uenced by the state in Which the actuator is located 
at the onset of the triggering. The pressure Wave has an 
in?uence on the quantity of the ensuing injection and is the 
tripper of a bulk Wave, Which is created as a result of pressure 
?uctuations and acts on the actuator. The bulk Wave is the 
term for the course of the quantity over the chronological 
spacing of the injections. With the voltage-smoothing or volt 
age-damping electrical device connected according to the 
invention, the voltage that is applied to the actuator is 
smoothed, and thus the bulk Wave is likeWise smoothed or 
damped. In one essential aspect of the invention, via electrical 
oscillating circuits, a damping circuit is implemented by 
Which the amplitudes of bulk Waves in the fuel injection 
system can be reduced markedly. 
A preferred exemplary embodiment of the fuel injection 

system is characterized in that the voltage-smoothing or volt 
age-damping electrical device includes a capacitor. The 
capacitor makes it possible to buffer the voltage that is applied 
to the actuator. As a result, the amplitude of the bulk Wave can 
be lessened or reduced. 
A further preferred exemplary embodiment of the fuel 

injection system is characterized in that the voltage-smooth 
ing or voltage-damping electrical device includes a capacitor, 
a coil, and/or a resistor. Especially preferably, a coil and a 
resistor, a resistor and a capacitor, or a coil and a resistor are 
combined in a sieve member. 
A further preferred exemplary embodiment of the fuel 

injection system is characterized in that a sWitch device is 
connected in series With the voltage-smoothing or voltage 
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2 
damping electrical device. The sWitch device serves to sWitch 
the voltage-smoothing or voltage-damping electrical device 
on and off in a targeted Way. This offers the advantage that the 
smoothing of the voltage can be performed only betWeen tWo 
triggering events. The sWitch device may be integrated With a 
control unit. 
A further preferred exemplary embodiment of the fuel 

injection system is characterized in that a control unit is 
connected parallel to the actuator and to the voltage-smooth 
ing or voltage-damping electrical device. The control unit 
serves to trigger the actuator, in order to trip and/ or terminate 
an injection. 

In a method for injecting fuel from at least one fuel injector, 
Which includes an electrically actuatable actuator to Which a 
voltage is applied, the object stated above is attained in that 
the voltage Which is applied to the actuator is smoothed. As a 
result, a high-frequency pressure ?uctuation is tripped that 
excites the actuator, subjected to pressure, to oscillate, so that 
the voltage applied to the actuator ?uctuates. The ensuing 
injection is affected by the state in Which the actuator is 
located at the onset of the triggering. Thus the pressure Wave 
affects the quantity of the ensuing injection. According to the 
invention, the voltage that is applied to the actuator is 
smoothed, so that the bulk Wave is likeWise smoothed or 
damped. 
A preferred exemplary embodiment of the method is char 

acterized in that via electrical oscillating circuits, a damping 
circuit is implemented by Which the amplitudes of bulk Waves 
in a fuel injection system as described above can be reduced 
markedly. The method of the invention makes it possible to 
reduce the amplitudes of the bulk Waves. 
A further preferred exemplary embodiment of the method 

is characterized in that the voltage-smoothing or voltage 
damping electrical device is sWitched on in a targeted Way 
betWeen tWo triggering events of the actuator. This offers the 
advantage that the smoothing of the voltage is effected only 
betWeen tWo triggering events. 

Further advantages, characteristics and details of the inven 
tion Will become apparent from the ensuing description, in 
Which various exemplary embodiments are described in 
detail in conjunction With the draWing. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 shoWs a schematic, highly simpli?ed vieW of a fuel 
injection system according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the accompanying draWing, a fuel injection system 1 is 
shoWn schematically and in highly simpli?ed form. The fuel 
injection system 1 includes a high-pressure fuel reservoir or a 
high-pressure fuel source, either of Which is also knoWn as a 
common rail. A plurality of fuel injectors, of Which one fuel 
injector 2 is shoWn in the accompanying draWing, are con 
nected to the high-pressure fuel reservoir. The fuel injectors 
serve to inject fuel into the combustion chamber of an internal 
combustion engine. 
The fuel injector 2 includes a nozzle needle (not shoWn), 

Which in a targeted Way uncovers an injection port in an 
injector housing, in order to inject fuel. The opening and/or 
closing motion of the nozzle needle is controlled With the aid 
of an actuator 4. The actuator 4 is a piezoelectric actuator, 
Which is connected to a voltage source. When current is 
supplied to the piezoelectric actuator 4, it expands. Analo 
gously, When the piezoelectric actuator is compressed, a volt 
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age is generated in it. A control unit 8 is connected parallel to 
the actuator 4 and serves to trigger the actuator 4. 
By means of an injection, a high-frequency pressure ?uc 

tuation is tripped in the applicable actuator. This causes the 
pieZoelectric actuator 4, Which is subjected to high pressure, 
to be excited, and causes the voltage applied to the pieZoelec 
tric actuator 4 to ?uctuate. An ensuing injection is affected by 
the state in Which the actuator 4 is located at the onset of the 
triggering by the control unit 8. 
A voltage-smoothing electrical device 10 is connected par 

allel to the actuator 4 and to the control unit 8. The voltage 
smoothing electrical device 10 is for example an LC sieve 
member, Which includes a coil and a resistor, or an RC sieve 
member, Which includes a resistor and a capacitor. 

In a preferred exemplary embodiment, a capacitor is used 
as the voltage-smoothing electrical device 10. The parallel 
connected capacitor serves to buffer the voltage applied to the 
actuator 4. As a result, the applied voltage can be smoothed. In 
the example shoWn, the amplitude of the bulk Wave is 
reduced. 

In a further aspect of the invention, a sWitch device 9 is 
provided, Which serves to sWitch the above-described damp 
ing circuit on and off. This has the advantage that the smooth 
ing of the voltage takes place only betWeen tWo triggering 
events of the actuator 4. In the exemplary embodiment shoWn, 
the sWitch device 9 is integrated With the control unit 8. The 
sWitch device 9 associated With the voltage-smoothing elec 
trical device 10 may, hoWever, also be embodied as a separate 
component. 

The foregoing relates to the preferred exemplary embodi 
ments of the invention, it being understood that other variants 
and embodiments thereof are possible Within the spirit and 
scope of the invention, the latter being de?ned by the 
appended claims. 
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The invention claimed is: 
1. A method for injecting fuel from at least one fuel inj ec 

tor, Which includes an electrically actuatable actuator com 
prising the steps of; 

applying a voltage to the electrically actuatable actuator; 
smoothing the voltage Which is applied to the actuator; and 
implementing a damping circuit via electrical oscillating 

circuits, by said damping circuit amplitudes of bulk 
Waves in a fuel injection system can be reduced mark 
edly, 

Wherein the fuel injection system has at least one fuel 
injector Which includes an electrically actuatable actua 
tor and a voltage-smoothing or voltage-damping electri 
cal device connected in parallel to the actuator. 

2. The method as de?ned by claim 1, Wherein the voltage 
smoothing or voltage-damping electrical device is sWitched 
on in a targeted Way betWeen tWo triggering events of the 
actuator. 

3. The method as de?ned by claim 1, Wherein the voltage 
smoothing or voltage-damping electrical device includes a 
capacitor. 

4. The method as de?ned by claim 1, Wherein the voltage 
smoothing or voltage-damping electrical device includes a 
capacitor, a coil, and/or a resistor. 

5. The method as de?ned by claim 1, Wherein a sWitch 
device is connected in series With the voltage-smoothing or 
voltage-damping electrical device. 

6. The method as de?ned by claim 1, Wherein a control unit 
is connected parallel to the actuator and to the voltage 
smoothing or voltage-damping electrical device. 


